In the prospecting and drilling processes of gas and oil, if added into the drilling fluids, the latex nanoparticles can improve the performance of the drilling fluids. In this paper, methyl methacrylate (MMA) acts as a monomer and the combination emulsifier is a certain proportion of OP-10, RH and T-80. PMMA latex nanoparticles have been polymerized through the method called microemulsion polymerization. The conditions of methyl methacrylate microemulsion polymerization have been discussed and optimized. The dosage of emulsifier is 5 wt.%, polymerization temperature is 75 0 C, and the stirring rate is 100 rpm. The particle shape, granularity distribution and molecular weight have been characterized by transmission electron microscope, laser particle size analysis device and gel permeation chromatography, respectively. The results indicate that the PMMA particles are ball like, showing average particle size of 65 nm, and that the M W is about 437,140. Results show that PMMA latex has strong inhibitive function on the shale swelling. When the latex is added into the drilling fluids, the filter loss decreases dramatically; and the PMMA latex drilling fluids system can be used when the temperature is below 180 0 C.
Introduction
Latex nanoparticle is composed of synthetic or natural polymer, the size of which is from several nanometers to one micron. It can be gained through microemulsion polymerization. Candau et al. [1] successfully optimized the polymerization system, and the monomer content of the system was increased by 20 %. The polymerization kinetics, polymerization mechanism and copolymerization behavior of hydrophobic monomer in oil-in-water (O/W) microemulsion were also researched by Gan et al.
[2↕5].
The pore size of the shale is between 0.05 and 10 microns. Latex nanoparticles added in the drilling fluids have deformation function under certain temperatures and pressures. They can plug the micro-pores of the shale and prevent water from entering the formation; as a result, the borehole wall is stabilized and the reservoir is protected. Pursley et al. [6] and Penny et al. [7] invented a kind of nanolatex, which had preferred effects on reservoir protection and enhanced oil recovery (EOR), and the emulsifier dosage administered was only 0.1~0.5 wt.%. ShengLi Oil Field of China successfully developed a kind of nanolatex called RL-2, drilling fluids composed of which have good inhibiting effect, lubricity and reservoir protection ability [8] . NPP/PHP nanocomposites were prepared by Ke et al. [9, 10] . The temperature and salt resistance abilities of the drilling fluids with NPP/PHP nanocomposites were improved. A kind of lubricant used in drilling fluids was researched by Tharwat et al. [11] and Schlemmer et al. [12] . It was a nanoemulsion and had good inhibitive effect on shale swelling. Paraffin nanoemulsion was widely researched by researchers, which was proved to have strong lubricating property and reservoir protection ability [13↕17].
One of the aims of this study is to research the influence of the polymerization conditions on the size of the PMMA latex particles. The particles cannot enter the pores of the shale when they are too big. Contrarily, the particles will flow into the formation when their size is too small. The other aim is to study the inhibitive characteristic, filter loss and temperature resistance of the PMMA latex in the drilling fluids system. Whether PMMA latex particles can improve the performance of drilling fluids system can be gained through the research.
Results and discussion
Influence of polymerization conditions on particle size -Dosage of the emulsifier According to the previous studies [18, 19] , the type and dosage of the emulsifier have important influence on the shape and diameter of the latex particles. The combination emulsifier was composed by OP-10, RH and T-80 with the mass proportion of 2:1:2. The polymerization temperature was 75 0 C, and the stirring rate was 100 rpm. The average particle size of the PMMA latex particles obtained in different emulsifier concentrations is studied (Fig. 1) . Fig. 1 . Influence of the emulsifier dosage on particle size.
The average particle size of the PMMA latex particles decreases with the increasing of the emulsifier dosage. The reason is that the micro-drops cannot be stabilized with less emulsifier because of the huge surface energy. So, they can easily accumulate together to form bigger drops. The micro-drops become stable with the increasing of the emulsifier, which decreases the surface energy of the micro-drops. When the dosage of the emulsifier is increased to 5 wt.%, the average size of the PMMA latex particles decreases to 65 nm, and the whole system is nearly transparent. But the entire system becomes colloidal when the concentration of the emulsifier exceeds 6 wt.%. This may be due to the cohesive action caused by the huge amount of latex nanoparticles in the dispersion system.
-Polymerization temperature
The dosage of the combination emulsifier was 5 wt.%, and the stirring rate was 100 rpm. The average particle size of the PMMA latex obtained at different polymerization temperatures is monitored (Fig. 2) . The experimental results show that when the temperature is 75 0 C, the average particle size of the latex particles is about 50 nm. The particle diameter increases with the polymerization temperature when it exceeds 75 0 C. One of the reasons is that the kinetic energy of the latex particles increases with the increasing of the polymerization temperature, which results in the increasing of the collision probability and particle size. The other reason may be that the gel ratio increases because of the local overheating caused by the higher temperature, as a result, the latex particles coagulate and the particle size increases. However, when the temperature is 70 0 C, the average particle size of the latex particles is about 66 nm, which is bigger than the temperature is 75 0 C. The reason is that the formation rate of the free radical is too slow to initiate the micro-drops, and the micro-drops become monomer storehouse.
-Stirring rate
The dosage of the combination emulsifier was 5 wt.%, and the polymerization temperature was 75 0 C. The average particle size of the PMMA latex obtained at different stirring rate was monitored (Fig. 3 ).
In the micro-emulsion polymerization process, only slight stirring is needed to keep the system to be stable. The results show that the optimum stirring rate is about 100 rpm, and the corresponding average particle size is about 50 nm. The particle size increases with the increasing of stirring rate when it exceeds 100 rpm. One of the reasons is that the collision probability of the particles increases with the increasing stirring rate. Also, the micro-drops which have not been initiated will now provide monomer to the latex particles that have been initiated through the collision. As a result, the nucleating probability and the quantity of the latex particles decrease, while the average particle size increases and the granularity distribution becomes wider. 
Micro-shape of PMMA latex particles
The polymerization conditions of the PMMA latex sample used to analyze through the transmission electron microscope are optimized. The dosage of emulsifier is 5 wt.%, polymerization temperature is 75 0 C, and the stirring rate is 100 rpm. The micro-shape of the PMMA latex particles is observed (Fig. 4, magnification is 30000 ). The same sample is used for the granularity distribution and the molecular weight analysis. As we can see from the transmission electron microscope map of PMMA latex particles, the latex particles are nearly spherical. The particles are evenly dispersed and the size of the particles marginally changes within a small range. There are also some floccules, which are the foams caused by the emulsifier.
Granularity distribution of PMMA latex particles
The granularity distribution of PMMA latex particles is symmetrical and narrow (Fig.  5) , according to the statistical calculation, the average particle size of the PMMA latex particles is 65 nm. 
Molecular weight and molecular weight distribution of PMMA latex particles
GPC testing results show that the average molecular weight of PMMA is about 437,140, and the polymerization dispersion degree is 2.68 (Fig. 6) , which indicates that the molecular weight distribution of PMMA is narrow and the polymerization process is quite stable. Swelling height /mm 6.6 6.0 4.2 3.8 3.7
The swelling height of the shale in pure water is 6.6 mm. When the concentration of PMMA latex particles is increased to 1.5 wt.%, the swelling height decreases to 3.7 mm. The reason is that the particles are stabilized by cationic emulsifier. When the particles adsorb on the shale surface, the negative charge on the shale surface is neutralized, and the cationic electrical double layer with thick hydration membrane is formed. Therefore, the swelling of the shale is avoided and the borehole wall is stabilized.
-Rheological characteristics and filter loss Rheological characteristics and filter loss are important parameters used to evaluate the performance of the drilling fluids system. Rheological parameters must be controlled within an appropriate range according to the actual drilling process, including apparent viscosity (AV), plastic viscosity (PV) and yield pressure (YP). A small filter loss (FL API ) is also required to avoid the hydration swelling of the shale and protect the gas and oil reservoir. The influence of PMMA latex particles on the performance of the base mud under normal temperature and normal pressure is shown in Tab.2. With the increasing of the PMMA latex particles, the AV and PV values of the drilling fluids system decrease. The reason is that the latex particles are covered with cations, which impede the hydrous disintegration of the bentonitic clay. The filter loss decreases dramatically from 22 ml to 12 ml, the cake thickness decreases marginally. This can be attributed to the forming of the compact mud-cake, because a large number of latex particles fill in the micro-pores of the mud-cake.
-Temperature resistance of PMMA latex drilling fluids system
With the increasing in drilling depth, the high temperature resistance performance of the drilling fluids or additives must be improved. The temperature resistance performance of PMMA latex drilling fluids system under different temperatures has been evaluated (Tab. 3). The viscosity and yield pressure of the drilling fluids system decrease with the increasing of the aging temperature, while the filter loss and cake thickness increase.
One of the reasons is that the emulsifier cannot stabilize the latex particles under high temperature, which leads to the particles coalesce. The other is that the polymer additives in the system become invalid under high temperature. According to the actual drilling process, PMMA latex drilling fluids system can be used when the temperature is below 180 0 C.
Conclusions
The conditions of methyl methacrylate microemulsion polymerization were discussed and optimized. The dosage of emulsifier is 5 wt.%, polymerization temperature is 75 0 C, and the stirring rate is 100 rpm. Transmission electron microscope experiment results indicate that PMMA latex nanoparticles are nearly spherical, and they were well dispersed. The granularity distribution of PMMA latex particles was symmetrical and narrow. According to the statistical calculation, the average particle size of PMMA latex particles wa 65 nm. GPC results show that the average molecular weight of PMMA was about 437,140, and the polymerization dispersion degree was 2.68. PMMA latex particles have good shale inhibitive characteristic, and the filter loss of the drilling fluids dramatically decreased when the particles were added into the drilling fluids. PMMA latex drilling fluids system can be used when the temperature was below 180 0 C.
Experimental part

Materials
Ammonium persulfate (AP), alkylphenol ethoxylates (OP-10), polysorbate (T-80) and dodecyl dimethyl benzyl ammonium Chloride (RH) were provided by Chengdu Kelong Chemical Reagent Co., and they were all analytical reagents, while methyl methacrylate (MMA) was of industrial reagent grade. All the reagents were used as supplied except AP and MMA, which were purified further. Ammonium persulfate (AP) was dissolved in water at 40 0 C. The solution was filtered and the AP crystals were separated after the filtrate was cooled down by ice water. The crystals were washed by ice water and dried in the vacuum drier. The MMA liquid was washed by sodium hydroxide solution after pure water, and the purified MMA monomer was gained through vacuum distillation.
Glassware (Three-necked flask, condenser pipe, isobaric funnel and temperature indicator) was purchased from Chengdu Kelong Chemical Reagents Co. Thermostatic bath, transmission electron microscope (JEM-100S, JEOL Co.), laser particle size analysis device (Mastersizer 2000, Malvem Instrument Co.), and gel permeation chromatography (GPC) (GPC 515-2414, Waters Co.) instrument were used to characterize the nanoparticle latex. Rotary viscometer (Type: ZNN-D6), API filtration test apparatus and shale swelling device (Type: NP-01) were used to evaluate the performance of the drilling fluids system.
Experiments
(1) OP-10, RH and T-80 were combined to prepare combination emulsifier in proportion of 2:1:2. The combination emulsifier was dissolved in 100 ml pure water to form emulsifier solution in a three-necked flask. The monomer (methyl methacrylate, 25 g) was dropped into the system under uniform mixing through magnetic stirring to achieve a transparent pre-emulsion.
(2) The temperature of the thermostatic bath was adjusted to 70 0 C. One-third of the pre-emulsion was transferred to a three-necked flask installed with condenser pipe, agitator, temperature indicator and isobaric funnel. Three drops of initiator (ammonium persulfate) solution were dropped into the three-necked flask, and the whole system was symmetrically agitated. The dosage of the initiator was 0.2 wt.% of the total volume.
(3) The residual pre-emulsion was dropped into the three-necked flask 30 min after the residual initiator solution was added to it.
(4) The system was polymerized for 2~3 hr under agitation at 75 0 C. Then, the temperature of the thermostatic bath was decreased to 60 0 C, and the polymerization system was poured out of the three-necked flask.
(5) An amount of the latex emulsion was diluted to a concentration of about 10 wt.%. A copper grid coated with polyvinyl formal (PVF) membrane was put into the emulsion to adsorb the particles. Then the copper grid was dyed with phosphotungstic acid and dried at room temperature. The shape characteristic was observed through transmission electron microscope.
(6) Using Mastersizer 2000 (particle size analyzer), the background value of pure water was first collected. A portion of the latex emulsion was also diluted to about 10 wt.%, and then automatically detected by Mastersizer 2000 as opposed to the pure water.
(7) Tetrahydrofuran was used as solvent and glucan as the calibration standard; the molecular weight and molecular weight distribution of PMMA latex particles were determined through GPC method.
(8) The shale swelling device (Type: NP-01) was used to test the swelling height of shale in the PMMA latex dispersion system. About 10 g shale powder was put into the testing cylinder and compressed under 5 MPa of pressure for 5 min. 20 ml of the PMMA latex was injected into the testing cylinder. The swelling height of shale could be tested after 8 h. 
